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CHIP ANTENNA AND
MOBILE-COMMUNICATION TERMINAL
HAVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the priority of Korean Patent
Application No. 2007-70046 filed on Jul. 12, 2007, in the
Korean Intellectual Property Office, the disclosure of which is
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a chip antenna and a mobile
telecommunication terminal having the chip antenna, and
more particularly, to a chip antenna including one conductive
pattern connected to a feeding part and a ground part, and
another conductive pattern capacitively coupled to the one
conductive pattern and connected to the ground part, and a
mobile communication terminal having the chip antenna.

2. Description of the Related Art

In a mobile telecommunication field, an antenna is a pas-
sive device whose characteristics are susceptible to ambient
environment. The antenna is installed in a base station, or
attached to a relay device or a wireless telecommunication
device. The antenna receives an electric wave from the out-
side or transmits an electrical signal generated from a tele-
communication device, to the outside.

A chip antenna assembled inside the mobile telecommu-
nication terminal requires each terminal to be optimized in
characteristics such as standing wave ratio (SWR) matching.
A narrower bandwidth of the chip antenna necessitates a
greater number of experiments for optimization. On the other
hand, a broader bandwidth of the chip antenna decreases the
number of experiments, thereby shortening development
time.

In a conventional chip antenna, a radiation pattern is
formed on a dielectric block to connect to a feeding part and
a ground part, accordingly requiring an electromagnetic cou-
pling feeding structure and a radiator to be designed for a
specific frequency band. However, there have been limita-
tions in designing the chip antenna with broadband charac-
teristics by virtue of such a feeding structure.

In addition, the chip antenna, when assembled inside the
mobile telecommunication terminal, is altered in frequency
characteristics, inevitably entailing a tuning process thereof.
This tuning process brings about a change in design of an
antenna pattern or dielectric block, thereby degrading manu-
facturing efficiency.

SUMMARY OF THE INVENTION

An aspect of the present invention provides a chip antenna
having broadband frequency characteristics and a superior
voltage standing wave ratio (VSWR) in a broadband fre-
quency range, and a mobile telecommunication terminal
including a board having a ground pattern used for tuning a
resonant frequency when the antenna is assembled inside the
mobile telecommunication terminal.

According to an aspect of the present invention, there is
provided a chip antenna including: a dielectric block having
opposing top and bottom surfaces and a plurality of side
surfaces connecting the top and bottom surfaces; a first con-
ductive pattern formed on at least one of the surfaces of the
dielectric block and connected to an external feeding part; a
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second conductive pattern formed on at least one of the sur-
faces of the dielectric block to connect to the first conductive
pattern, and having one end connected to an external ground
part; and a third conductive pattern formed on at least one of
the surfaces of the dielectric block, and spaced apart from the
first and second conductive patterns at a predetermined dis-
tance to be capacitively coupled to the first and second con-
ductive patterns, respectively, the third conductive pattern
having a lower end connected to the external ground part.

The dielectric block may be shaped as a rectangular paral-
lelepiped.

The first and second conductive patterns may define a
radiator, wherein the radiator is formed across a first side
surface parallel to a longitudinal direction of the dielectric
block, the top surface and a second side surface opposing the
first side surface of the dielectric block.

The first conductive pattern may be formed on the first side
surface parallel to a longitudinal direction of the dielectric
block.

The first conductive pattern may have an upper end in
contact with an intersecting line between the first side surface
and the top surface of the dielectric block. The first conduc-
tive pattern may be L-shaped.

The second conductive pattern may be formed on the sec-
ond side surface opposing the first side surface and the top
surface of the dielectric block.

The second conductive pattern may include a contact por-
tion of a predetermined length in contact with the first con-
ductive pattern, and the other portion of the second conduc-
tive pattern excluding the contact portion is spaced apart from
the first conductive pattern at a predetermined distance.

The third conductive pattern may be formed on the bottom
surface of the dielectric block. The third conductive pattern
may have a lower end in contact with an intersecting line
between the bottom surface and the first side surface of the
dielectric block, and has at least one bending.

The chip first conductive pattern may be formed on the first
side surface of the dielectric block and has an L. shape such
that an upper end of the first conductive pattern is in contact
with an intersecting line between the first side surface and the
top surface of the dielectric block, the second conductive
pattern is formed at a predetermined distance from an inter-
secting line between the top surface and the first side surface
of'the dielectric block, excluding a contact portion in contact
with the first conductive pattern, and the third conductive
pattern is formed on the bottom surface of the dielectric block
and has a lower end in contact with an intersecting line
between the bottom surface and the first side surface of the
dielectric block, and has one bending.

According to another aspect of the present invention, there
is provided a mobile telecommunication terminal including: a
chip antenna including: a dielectric block having opposing
top and bottom surfaces and a plurality of side surfaces con-
necting the top and bottom surfaces; a first conductive pattern
formed on at least one of the surfaces of the dielectric block
and connected to an external feeding part; a second conduc-
tive pattern formed on at least one of the surfaces of the
dielectric block to connect to the first conductive pattern, and
having one end connected to an external ground part; and a
third conductive pattern formed on at least one of the surfaces
of the dielectric block, and spaced apart from the first and
second conductive patterns at a predetermined distance to be
capacitively coupled to the first and second conductive pat-
terns, respectively, the third conductive pattern having a lower
end connected to the external ground part; and a printed
circuit board having the chip antenna mounted on one surface
thereof, the printed circuit board including a tuning ground
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pattern formed on another surface opposing the one surface of
the printed circuit board and having one end connected to a
ground part to be used for tuning frequency characteristics of
the chip antenna.

The tuning ground pattern may have an open-square shape
defined along an edge of a portion corresponding to a mount-
ing area of the chip antenna.

The tuning ground pattern may have ruler markings to
facilitate tuning.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and other advantages
of'the present invention will be more clearly understood from
the following detailed description taken in conjunction with
the accompanying drawings, in which:

FIG.1A s aperspective view and FIG. 1B is adevelopment
view illustrating a chip antenna according to an exemplary
embodiment of the invention;

FIGS. 2A and 2B are a graph illustrating voltage standing
wave ratio (VSWR) characteristics and a smith chart of the
chip antenna shown in FIG. 1, respectively;

FIG. 3A is a perspective view and FIG. 3B is a rear view
illustrating a board where a tuning ground pattern of a mobile
telecommunication terminal is formed according to an exem-
plary embodiment of the invention; and

FIG. 4 is a graph illustrating a change in antenna charac-
teristics with respect to a change in a length of a tuning ground
pattern in the mobile telecommunication terminal shown in
FIG. 3.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Exemplary embodiments of the present invention will now
be described in detail with reference to the accompanying
drawings.

FIG.1A s aperspective view and FIG. 1B is adevelopment
view illustrating a chip antenna according to an exemplary
embodiment of the invention.

Referring to FIGS. 1A and 1B, the chip antenna of the
present embodiment includes a dielectric block 11, a first
conductive pattern 12, a second conductive pattern 13 and a
third conductive pattern 14.

The dielectric block 11 may be shaped as a rectangular
parallelepiped. The dielectric block 11 has a top surface 11a
and a bottom surface 115 opposing each other, and first to
fourth side surfaces 11¢, 11d, 11e, and 11f connecting the top
surface 11a and the bottom surface 115. The bottom surface
1154 of the dielectric block may be brought in contact with a
board when the antenna is mounted on the board.

A first conductive pattern 12 and a second conductive
pattern 13 are connected to each other on the first side surface
11¢, top surface 11qa, and second side surface 114 of the
dielectric block 11 to define one radiator.

The first conductive pattern 12 has one end connected to an
external feeding part to provide a signal to the radiator. The
second conductive pattern 13 is connected to the first conduc-
tive pattern 12 and has one end connected to an external
ground part. A portion 13« of the second conductive pattern
may be in contact with the first conductive pattern 12. The first
conductive pattern 12 and the second conductive pattern 13
can act as a radiator of the antenna.

To utilize outer surfaces of the dielectric block of a rectan-
gular parallelepiped shape with the greatest efficiency, the
radiator defined by the first conductive pattern 12 and the
second conductive pattern 13 may be formed across the first
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side surface 11c, the top surface 11a and the second side
surface 114 of the dielectric block.

In the present embodiment, the first conductive pattern 12
is formed on the first side surface 11¢ parallel to a longitudinal
direction of the dielectric block. The second conductive pat-
tern 13 is formed across the second side surface 114 and the
top surface 11a of the dielectric block.

The first conductive pattern 12 is L-shaped. With such a
shape, the first conductive pattern 12 can be spaced apart at a
predetermined distance from a ground part of a board where
the chip antenna is mounted, thereby allowing one end of the
first conductive pattern 12 to be connected to an external
feeding part. A portion of the first conductive pattern 12 may
be in contact with an intersecting line between the first side
surface 11¢ and the top surface 11a of the dielectric block.

Therefore, the first conductive pattern 12 and the second
conductive pattern 13 act as the radiator of the antenna. Mean-
while, the third conductive pattern 14 serves to alter imped-
ance characteristics of the antenna by capacitive coupling
with the first and second conductive patterns, respectively.
The magnitude of capacitive coupling may be controlled by
adjusting a spacing of the conductive patterns from one
another or an area adjacent to one another.

In the present embodiment, the first conductive pattern 12
is L-shaped and has an upper end in contact with the inter-
secting line between the first side surface 11¢ and the top
surface 11a of the dielectric block. This is designed to adjust
the magnitude of capacitive coupling between the first and
second conductive patterns and the third conductive pattern,
respectively.

The second conductive pattern 13 may be extended to the
second side surface 114 and the top surface 11a of the dielec-
tric block 11. A portion of the second conductive pattern 13
formed on the second side surface 11d of the dielectric block
11 may correspond to the first conductive pattern 12. Also, in
the second conductive pattern formed on the top surface 11a
of' the dielectric block 11, the portion 134 in contact with the
first conductive pattern 12 may be extended to the intersecting
line between the first side surface 11¢ and the top surface 11a
of the dielectric block 11. The other portion of the second
conductive pattern excluding the portion 13« in contact with
the first conductive pattern 12 may be spaced apart at a pre-
determined distance from the intersecting line between the
first side surface 11a and the top surface 11a of the dielectric
block 11. The second conductive pattern 13 has a width equal
to a width of the first conductive pattern 12.

The contact portion 13a between the second conductive
pattern 13 and the first conductive pattern 12 may have a
width varied. A portion where the contact portion 13¢ is in
contact with the first conductive pattern 12 may be varied in
length to change antenna characteristics.

The first conductive pattern 12 has one end connected to
the feeding part to receive a signal from the outside, and the
second conductive pattern 13 has one end connected to the
ground part.

The signal inputted from the outside is fed to the second
conductive pattern 13 connected to the first conductive pat-
tern 12 so that the first conductive pattern 12 and the second
conductive pattern 13 can operate as the radiator of the
antenna.

The first conductive pattern and second conductive pattern
may be configured variously as long as they are formed on
three surfaces of the rectangular parallelepiped-shaped
dielectric block. That is, the first conductive pattern and the
second conductive pattern may have the contact portion 13a
therebetween formed on one of the first side surface 11¢ and
the second side surface 114 of the dielectric block.
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A third conductive pattern 14 is formed on the bottom
surface 115 of the dielectric block 11, and has a lower end
connected to an external ground part.

The third conductive pattern 14 is capacitively coupled to
the first conductive pattern 12 and the second conductive
pattern 13, respectively to enable impedance matching of the
antenna.

The third conductive pattern 14 can be varied in length to
adjust overall impedance matching of the antenna. That is,
with a smaller length of the third conductive pattern 14, the
antenna has a higher resonant frequency. On the other hand,
with a greater length of the third conductive pattern 14, the
antenna has a lower resonant frequency.

The third conductive pattern 14 may have the lower end in
contact with an intersecting line between the bottom surface
115 and the first side surface 11c¢ of the dielectric block. The
third conductive pattern 14 may have at least one bending
formed thereon to secure a predetermined length.

FIGS. 2A and 2B are a graph illustrating voltage standing
wave ratio (VSWR) characteristics and a smith chart of the
chip antenna shown in FIG. 1, respectively.

Inthe graph of FIG. 2A, an x axis denotes frequency (MHz)
and a y axis denotes VSWR.

Here, the VSWR denotes a ratio between an output signal
and a reflection signal of the antenna. The VSWR is optimal
when 1, which indicates no presence of reflected waves.
Meanwhile, the VSWR of 3 or more does not ensure the
antenna characteristics.

In the present embodiment, a chip antenna having first to
third conductive patterns formed on a ceramic dielectric
block with a size of 6x2x1.5 [mm?] is mounted on a test
printed circuit board (PCB) made of FR4 and with a size of
40x40x1.0 [mm>]. Then, VSWR is measured.

In the present embodiment, as shown in FIG. 2A, the
VSWR is plotted at 3 or less when the antenna has a frequency
ranging from 2160 to 2280 [MHz]. Thus, the VSWR is shown
superior in a bandwidth of about 120 [MHz]. A frequency (A)
having the most superior VSWR is a resonant frequency,
which is about 2220 [MHz] in the present embodiment.

In a case of adopting the antenna of FIG. 1 without the third
conductive pattern 14 formed thereon, the VSWR character-
istics may be shown to be poorer than the present embodi-
ment. That is, in the VSWR graph, a curve may be shifted
upward overall, thereby narrowing a frequency band when
the VSWR is identical, compared with the present embodi-
ment.

In the present embodiment, the third conductive pattern is
formed to be capacitively coupled to a radiation pattern of the
antenna to further ensure overall impedance matching of the
antenna, thereby realizing a chip antenna with broadband
characteristics and excellent antenna characteristics in a
broadband frequency range.

FIG. 2B is a smith chart of the chip antenna shown in FIG.
2B. In the smith chart graph, with a bigger impedance circle,
the chip antenna is less susceptible to ground conditions of the
board where the chip antenna is mounted. In the present
embodiment, in the resonant frequency A, the impedance
circle of the chip antenna is plotted in the vicinity of 50Q.

FIG. 3A is a perspective view and FIG. 3B is a rear view
illustrating a board where a tuning ground pattern of a mobile
telecommunication terminal is formed according to an exem-
plary embodiment of the invention.

Referring to FIGS. 3A and 3B, the board 35 having the chip
antenna mounted thereon may include a dielectric layer 35¢
made of e.g., FR4 and ground parts 35a and 356 formed on
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both surfaces of the dielectric layer, respectively. The ground
parts 35a and 355 are connected to each other by a plurality of
via holes 36.

A chip antenna 10 is mounted on one surface of the board
and may be formed on a portion of the dielectric layer 35¢
where the ground part 35a is not formed.

The chip antenna 10 of FIG. 3 is the one shown in FIG. 1.
A first conductive pattern of the chip antenna receives a signal
by a feeding part 32 formed on the board, and the second and
third conductive patterns are connected to the ground part 35a
by lines 33 and 34, respectively.

On a back surface of the surface of the board 35 where the
chip antenna 10 is mounted, the ground part 355 is not formed
on a portion corresponding to the mounting area of the chip
antenna, and the dielectric layer 35¢ is directly exposed. A
ground pattern 38 may be formed along an edge of the portion
corresponding to the mounting area of the chip antenna on the
exposed dielectric layer 35¢. The ground pattern 38 may have
one end connected to the ground part 355.

The ground pattern 38 may have at least one bending to
secure a predetermined length. The ground pattern 38 is
capacitively coupled to a radiator of the chip antenna 10
mounted on the opposite surface of the board 35. Accord-
ingly, the ground pattern 38 can be varied in length to adjust
frequency characteristics of the antenna.

Inthe present embodiment, the ground pattern 38 is formed
in an open square shape along an edge of the portion of the
board corresponding to the mounting area of the chip antenna
onthe board 35, and has one end connected to the ground part
35b. To adjust the length of the ground pattern, the ground
pattern may be cut partially from the open end thereof.

To facilitate tuning of the ground pattern, ruler markings
may be formed on the ground pattern 38. In the present
embodiment, the ruler markings have a spacing of 1 mm.

This ground pattern 38 with the ruler markings thereon
easily enables tuning of frequency characteristics, which is
essentially required for assembling the board with the chip
antenna 10 thereon inside the mobile telecommunication ter-
minal. That is, the ground pattern 38 can be adjusted in length
to change a resonant frequency of the chip antenna 10, with-
out re-designing the conductive pattern or dielectric block
formed on the chip antenna 10.

FIG. 4 is a graph illustrating a change in antenna charac-
teristics with respect to a change in a length of a tuning ground
pattern in the mobile telecommunication terminal shown in
FIG. 3.

In the present embodiment, a chip antenna having first to
third conductive patterns formed on a ceramic dielectric
block with a size of 6x2x1.5 [mm?] is mounted on a test board
made of FR4 and with a size of 40x40x1.0 [mm?]. Also, a
tuning ground pattern with a length of 15 mm is formed on a
rear surface of the board. Then, the tuning ground pattern is
gradually decreased in length to plot changes in a resonant
frequency of the antenna.

Referring to FIG. 4, the resonant frequency of the antenna
is altered according to the length of the tuning ground pattern.

That is, in a case where the tuning ground pattern has a
length of 8 mm (D), the resonant frequency is about 2.8 GHz.
Also, the length of the tuning ground pattern is about 6 mm,
4 mm and 0 mm, the resonant frequency is about 2.55 GHz
(C), 2.4 GHz (B), and 2.25 GHz (A), respectively. Based on
these experimental results, in the present embodiment, a fre-
quency of about 65 MHz is changed per 1 mm of the tuning
ground pattern. As described above, according to the present
embodiment, one chip antenna alone can cover a 2 GHz
frequency band when installed in a terminal. Therefore, the
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chip antenna can be used in an industrial, scientific and medi-
cal (ISM) frequency band and a satellite-digital multimedia
broadcasting (S-DMB) band.

Moreover, with a change in the length of the tuning ground
pattern, the antenna has a resonant frequency changed but
maintains the VSWR constant.

Although not illustrated, in the present embodiment, with
regard to gain and radiation pattern according to the present
embodiment, the antenna exhibits an average gain of at least
-3 dBi at a bandwidth of 84 MHz around the resonant fre-
quency before and after the ground pattern is removed.

As described above, the present invention is not limited to
the aforesaid embodiments and attached drawings. That is, a
shape of the dielectric block and shapes and arrangements of
the conductive patterns may be variously modified.

As set forth above, according to exemplary embodiments
of the invention, a chip antenna exhibits broadband charac-
teristics and excellent antenna characteristics in a broadband
frequency range. Also, a mobile telecommunication terminal
includes the chip antenna and a board enabling easy tuning of
frequency characteristics of the antenna when the chip
antenna is assembled inside the mobile telecommunication
terminal.

While the present invention has been shown and described
in connection with the exemplary embodiments, it will be
apparent to those skilled in the art that modifications and
variations can be made without departing from the spirit and
scope of the invention as defined by the appended claims.

What is claimed is:

1. A chip antenna, comprising:

a dielectric block having opposing top and bottom surfaces
and a plurality of side surfaces connecting the top and
bottom surfaces;

a first conductive pattern formed on at least one of the
surfaces of the dielectric block and connected to an
external feeding part;

a second conductive pattern formed on at least one of the
surfaces of the dielectric block, connected to the first
conductive pattern, and having one end connected to an
external ground part; and

a third conductive pattern formed on at least one of the
surfaces of the dielectric block, and spaced apart from
the first and second conductive patterns at a predeter-
mined distance to be capacitively coupled to the first and
second conductive patterns, respectively, the third con-
ductive pattern having a lower end connected to the
external ground part;

wherein

the dielectric block is shaped as a rectangular parallelepi-
ped,

the first and second conductive patterns define a radiator,
and

the radiator is formed across a first side surface parallel to
a longitudinal direction of the dielectric block, the top
surface, and a second side surface opposing the first side
surface of the dielectric block.

2. The chip antenna of claim 1, wherein the first conductive
pattern is formed on the first side surface parallel to the
longitudinal direction of the dielectric block.

3. The chip antenna of claim 2, wherein the first conductive
pattern has an upper end in contact with an intersecting line
between the first side surface and the top surface of the dielec-
tric block.

4. The chip antenna of claim 3, wherein the first conductive
pattern is L-shaped.
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5. The chip antenna of claim 1, wherein the second con-
ductive pattern is formed on the second side surface opposing
the first side surface and on the top surface of the dielectric
block.

6. The chip antenna of claim of claim 5, wherein the second
conductive pattern comprises

a contact portion of a predetermined length in contact with

the first conductive pattern, and

another portion outside the contact portion and spaced

apart from the first conductive pattern at a predetermined

distance.

7. The chip antenna of claim 1, wherein the third conduc-
tive pattern is formed on the bottom surface of the dielectric
block.

8. The chip antenna of claim 7, wherein the third conduc-
tive pattern has the lower end in contact with an intersecting
line between the bottom surface and the first side surface of
the dielectric block, and has at least one bending.

9. The chip antenna of claim 1, wherein

the first conductive pattern is formed on the first side sur-

face of' the dielectric block and has an L. shape such that

an upper end of the first conductive pattern is in contact
with an intersecting line between the first side surface
and the top surface of the dielectric block,

the second conductive pattern is formed at a predetermined

distance from the intersecting line between the top sur-

face and the first side surface of the dielectric block,
except for a contact portion in contact with the first
conductive pattern, and

the third conductive pattern is formed on the bottom sur-

face of the dielectric block, has the lower end in contact

with an intersecting line between the bottom surface and
the first side surface of the dielectric block, and has one
bending.

10. A mobile telecommunication terminal, comprising:

a chip antenna comprising:

a dielectric block having opposing top and bottom sur-
faces and a plurality of side surfaces connecting the
top and bottom surfaces;

a first conductive pattern formed on at least one of the
surfaces of the dielectric block and connected to a
feeding part;

a second conductive pattern formed on at least one ofthe
surfaces of the dielectric block, connected to the first
conductive pattern, and having one end connected to a
ground part; and

a third conductive pattern formed on at least one of the
surfaces of the dielectric block, and spaced apart from
the first and second conductive patterns at a predeter-
mined distance to be capacitively coupled to the first
and second conductive patterns, respectively, the third
conductive pattern having a lower end connected to
the ground part; and

a printed circuit board having the chip antenna mounted on

one surface thereof, the printed circuit board comprising

a tuning ground pattern for tuning frequency character-

istics of the chip antenna;

wherein said tuning ground pattern is formed on another

surface opposing the one surface of the printed circuit

board and has one end connected to the ground part.

11. The mobile telecommunication terminal of claim 10,
wherein the tuning ground pattern has an open-square shape
defined along an edge of a mounting area of the chip antenna.

12. The mobile telecommunication terminal of claim 11,
wherein the tuning ground pattern has ruler markings to
facilitate tuning.
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13. The mobile telecommunication terminal of claim 10,
wherein the dielectric block is shaped as a rectangular paral-
lelepiped.
14. The mobile telecommunication terminal of claim 13,
wherein
the first conductive pattern and the second conductive pat-
tern are connected together to define a radiator, and

the radiator is formed across a first side surface parallel to
a longitudinal direction of the dielectric block, the top
surface, and a second side surface opposing the first side
surface of the dielectric block.

15. The mobile telecommunication terminal of claim 14,
wherein the first conductive pattern is formed on the first side
surface parallel to the longitudinal direction of the dielectric
block.

16. The mobile telecommunication terminal of claim 15,
wherein the first conductive pattern has an upper end in con-
tact with an intersecting line between the first side surface and
the top surface of the dielectric block.

17. The mobile telecommunication terminal of claim 16,
wherein the first conductive pattern is L-shaped.

18. The mobile telecommunication terminal of claim 14,
wherein the second conductive pattern is formed on the sec-
ond side surface opposing the first side surface and on the top
surface of the dielectric block.

19. The mobile telecommunication terminal of claim 18,
wherein the second conductive pattern comprises

a contact portion of a predetermined length in contact with

the first conductive pattern, and

another portion outside the contact portion and spaced

apart from the first conductive pattern at a predetermined
distance.
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20. The mobile telecommunication terminal of claim 14,
wherein the third conductive pattern is formed on the bottom
surface of the dielectric block.
21. The mobile telecommunication terminal of claim 20,
wherein the third conductive pattern has the lower end in
contact with an intersecting line between the bottom surface
and the first side surface of the dielectric block, and has at
least one bending.
22. The mobile telecommunication terminal of claim 14,
wherein
the tuning ground pattern has an open-square shape defined
along an edge of a mounting area of the chip antenna,

the first conductive pattern is formed on the first side sur-
face of' the dielectric block and has an L. shape such that
an upper end of the first conductive pattern is in contact
with an intersecting line between the first side surface
and the top surface of the dielectric block,

the second conductive pattern is formed at a predetermined

distance from the intersecting line between the top sur-
face and the first side surface of the dielectric block,
except for a contact portion in contact with the first
conductive pattern, and

the third conductive pattern is formed on the bottom sur-

face of the dielectric block, has the lower end in contact
with an intersecting line between the bottom surface and
the first side surface of the dielectric block, and has one
bending.



